Abstract. In this paper, a reliability sampling plan under progressively type-1 interval censoring is proposed when the lifetime of products follows the Pareto distribution of second kind. We use the maximum likelihood estimator for the median life and its asymptotic distribution. The cost model is proposed and the design parameters are determined such that the given producer's and the consumer's risks are satisfied. Tables are given and the results are explained with examples.
INTRODUCTION
The censoring schemes such as time censored (Type-1) and failure-censored (Type-II) are commonly used to reduce the time and the cost of the life test. In these censoring schemes the surviving items are only removed at the end of the life test. However, there is a situation in which experimenter needs to remove a part of the surviving items at time points before the termination time. This type of life test is called a progressive censoring. The basic advantage of progressive censoring scheme is that the removed items can be used for other experiment. Secondly, this censoring scheme can be used to save the cost and the time of the experiment when the items under inspections are costly. For more details about the advantages of this scheme, reader may refer to Cohen (1963) .
Many authors have studied on the inference of the parameters of various lifetime distributions under the progressively censoring. See for example, Ali Mousa and Jaheen (2002), Gouno et al. (2004) , Guilbaud (2001) , Li et al. (2007) , Lin et al. (2006) , Soliman (2005) , Tse and Yuen (1998) . Recently, proposed the progressively group-censoring life test considering † : Corresponding Author the cost model for the Weibull distribution. Huang and Wu (2008) developed the reliability plans under the progressively Type-I interval censoring using the cost function. They determined the design parameter using the maximum likelihood estimation (MLE) method which minimizes the total cost of the experiment under the specified producer's and the consumer's risks. Wu and Huang (2009) developed the progressively Type-1 group censoring using the MLE to find the parameter of Weibull distribution. The design parameters using the cost model are determined and the sensitivity analysis is investigated. Recently, Lio et al. (2010a, b) proposed acceptance sampling plans for the Birnbaum-Saunders distributions and Burr type XII distributions using the median as the quality parameter. They showed and justified the use of median in area of reliability and argued that as distributions under study are skewed and for skewed distributions median provides better results than the mean as quality parameter. For more detail about these papers reader can refer to Lio et al. (2010a, b) .
Exploring the literature about the progressively Type-1 censoring we see that most of the authors used the Weibull distribution to develop the plan based on this scheme. No attention has been paid to develop an acceptance sampling plan for the Pareto distribution of the second kind. So, the purpose of this paper is to design an acceptance sampling plan based on the progressive Type-I censoring scheme for the Pareto distribution of the second. The minimum sample size, the number of inspections and the length of the inspection interval will be determined to minimize the total cost while satisfying the given producer's and the consumer's risks. We use the median life of the Pareto distribution as a reliability measure.
PROPOSED SAMPLING PLAN
An acceptance sampling plan is used to test the quality or reliability of the submitted lots of items before it is released for consumer's use. This quality is tested on the basis of a few items taken from a lot. We use the estimate of the median life as the test statistic
Pareto Distribution of Second Kind
Suppose that an experimenter wants to conduct a life test under the assumption that the lifetime of products under inspection is independently and identically distributed as Pareto distribution of the second kind with the probability distribution function (pdf) and cumulative distribution function (cdf ) given as
and
where λ is a shape parameter and σ is a scale parameter of the distribution. In this study we assume that λ is known. This distribution is frequently used in quality control and the reliability applications. Bain and Engelhardt (1992) discussed the application of this distribution in the field of bio-medical sciences. Baklizi (2003) proposed the ordinary single acceptance sampling plans based on truncated life test under the Pareto distribution of the second kind. More recently, Aslam et al. (2010) proposed the group acceptance sampling plans for the Pareto distribution of the second kind.
As stated in the above procedure we are using the median life of the distribution as a reliability measure. The median for the Pareto distribution is derived by
Particularly for λ = 1, the median is just σ . When the shape parameter λ is known, the estimate of the median is just the constant times the estimate of σ . Therefore, we may assume that λ = 1 without loss of generality.
Procedure of the Proposed Plan
Let us consider the following sampling plan based on the life test with type-1 progressively interval censoring for the items whose life follows the Pareto distribution of the second kind given in Eq. (1) or Eq. (2). In this plan acceptance number c acts as the lower specification limit.
Step 1: Draw a sample of size n and put them on test at time 0.
Step 2: Items are inspected at pre-determined times
Step 3: At the i-th inspection time the number of failed items ( i n ) are counted, and i r surviving items are removed for future use ( 1, 2, ,
Step 4: Estimate the median of the distribution using the maximum likelihood estimation.
Step 5: Accept the lot if the estimated median is greater than or equal to the acceptance number c. Reject the lot, otherwise.
Let i m be the surviving items just before the i-th inspection time. Then, we have
The value of r i , 1, 2, i k = L are assumed to be determined by pre-fixed proportion i p ( k p 1 = ) of the remaining items as in Huang and Wu (2008) 
Under a progressively type-1 censoring scheme, we have the fact that ( )
where i q is the probability that an item fails between 1 i − τ and i τ and given by
For the distribution under study given (2), the Eq. (5) can be written as
Particularly for λ = 1, the above equation can be written as
In fact,
Step 5 in the above procedure represents the decision rule for the following hypothesis testing:
where 0 σ is the acceptable reliability level (ARL) and 1 σ is lot tolerance reliability level (LTRL). As mentioned earlier, two types of risks are always associated with the acceptance sampling plans. The rejection of a good lot is called the producer's risk, say α and the acceptance of a bad lot is called the consumer's risk, say β . We want to find the design parameter for the proposed plan such that the following two inequalities must satisfied
where σˆ is the estimator of σ .
Parameter Estimation
Given observations ( )
, , , k r r r L , the likelihood function is given as
The maximum likelihood estimator (MLE) of σ can be obtained from the following equation:
Let σˆ be the MLE of σ . Then, the asymptotic distribution of ) σ is given as
where ( ) I σ is the Fisher information which is given as 2 2
If we suppose that the inspection interval have the same length and that the percentage of removal from each interval are the same such that 
According to Huang and Wu (2008) , the sample size n and the acceptance number c of the proposed sampling plan satisfying the producer's risk α and the consumer's risk β are given by
where γ z is the γ percentile of a standard normal distribution, 0 V is the value of V at ARL and 1 V is the value of V at LTRL.
In this paper, we consider the same cost function as proposed by Huang and Wu (2008) in order to determine the sample size and the acceptance number. Let a C be the cost of installing all test items in the beginning of a life test (setup cost) and C s be the cost of testing each item. Also let i C be the cost of one inspection and 0 C be the operation cost per unit time. Then, the total cost required for the proposed sampling plan based on the progressive censoring scheme will be
To obtain the design parameters (n, c, k,τ ) of the proposed sampling plan we solve the following optimization problem:
Subject to
Note that the acceptance number c is not involved in the above optimization problem. So the parameters k n, and τ will be obtained from the above problem and c will be derived from Eq. (19). We find the design parameters as well as the total cost required for given values of p and 0 σ in Table   1~Table 4. Here we assume that Table 1 and Table 2 . We presented these design parameters along with the cost in Table 5 . From Table 5 we can see that for other fixed values as β increases from 0.05 to 0.1, the values of c , n and cost decreases. We noted the same trend in design parameters and cost when α decreasing from 0.05 to 0.01 (Table 3~  Table 4 ) and same values of β .
Example 1:
Suppose that the quality engineer wants to use the proposed reliability sampling plan for a particular lot of products. The lifetime of the products follows a Pareto distribution of second kind with shape parameter λ = 1 and scale parameter σ . Because σ is the median life, large value of σ is desirable to the engineer (or producer) as well as the consumer. The producer's risk is specified by 0.05 if the true median life is as large as 0 σ = 100 and the consumer's risk is specified by 0.05 if the true median life is as low as 1 σ = 60. Consider a progressive type-I interval censoring with removal probability p = 0.1 and cost parameters a C = $10, s C = $1, i C = $0.5, o C = $0.1. From Table 1 , the parameters are obtained by: n = 152, k = 3, τ = 40.5499 and c = 74.8591 Therefore, the engineer needs to draw a random sample with size n = 152 from the lot and put them on a 3-stage progressive type-I interval censored life test with constant inspection length t = 40.5499. Suppose now that we obtain the failure data as 1 n = 46, 2 n = 17, 3 n = 14. Then, the number of items removed at each inspection is determined by: 1 r = 0.1(152−46) ≈ 1, 2 r = 0.1(95−17) ≈ 8 and 3 r = 70−14 = 56. The MLE σ = 100.5548 is obtained from (12). As it is greater than the acceptance number 8591 . 74 = c , therefore the engineer should accept the lot. The total cost required for this test is 175.665. 
CONCLUDING REMARKS
In the paper, the Pareto distribution of the second kind is considered as a life distribution when designing the acceptance sampling plan based on the progressively type-1 interval censoring scheme. As the Pareto distribution of second kind is skewed distribution, we use the median life as reliability measure. The decision upon the acceptance of lots is based on the MLE of the median life. The cost model is considered and the cost minimization is formulated so as to determine the design parameters such as the sample size, number of inspections and the inspection interval.
As stated in Huang and , one should be cautious in using this sampling plan when the sample size is small because design parameters are derived from the asymptotic distribution. The extension of the present study to some other distributions such as the gamma or the generalized Rayleigh distribution may be possible area for future research.
